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MODULAR BUILDING FRAME 

This invention relates to improved modular frames for 
buildings and buildings constructed from such frames, and 
more particularly to high quality buildings that can be 
erected quickly and at loW cost from tubular steel modular 
frame units that are fabricated off site and trucked to the 
building site Where they are bolted together into a building 
frame by a small Work creW Without the use of heavy 
equipment. 

BACKGROUND OF THE INVENTION 

Conventional building practice for residence housing and 
small commercial buildings relies primarily on Wood frame 
construction in Which the building frame is constructed on 
site from framing lumber cut to ?t piece-by-piece individu 
ally. It is a labor intensive process and demands considerable 
skill from the carpenters to produce a structure that has level 
?oors, perfectly upright Walls, square corners and parallel 
door and WindoW openings. Even When the building frame 
is constructed With the requisite care and skill, it can become 
skeWed by Warping of the lumber, especially modern loW 
grade lumber produced on tree farms With hybrid fast 
groWth trees. 

Although conventional Wood frame buildings require 
very little equipment for construction, they have become 
quite costly to build. The labor component of the cost is 
substantial, partly because of the Wages that must be paid for 
the laborious process of constructing the frame, and partly 
because of the many government mandated extra costs such 
as Workman’s compensation and liability insurance, social 
security payments, medical insurance premiums, and the 
host of reports that must be made to the Government by 
employers. Accordingly, employers noW seek to minimiZe 
their Work force by Whatever means is available to minimiZe 
these burdensome costs. 

Steel frame construction, usually referred to as “red iron” 
construction, is commonly used on commercial buildings 
because of its greater strength, ?re resistance and architec 
tural design ?exibility. The parts of such a steel frame are 
typically cut and drilled to order in accordance With the 
architect’s plans, then trucked to the building site and 
assembled piece-by-piece With the use of a portable crane. 
The building can be made precisely and as strong as needed, 
but the cost is relatively high because of the costly materials 
and the skilled creW and expensive equipment need to 
assemble the building. It is a construction technique gener 
ally considered unsuitable for single family residence build 
ing because the cost is high and the building Walls are 
substantially thicker than those made using standard frame 
construction, so standard door and WindoW units do not ?t 
properly and must be modi?ed With special trim that rarely 
produces the desired aesthetic appearance. 

Earthquake damage is becoming a matter of increasing 
concern among homeoWners because of the publicity given 
to damage and loss of life in recent earthquakes in the US. 
and abroad. Earthquake preparedness stories and advice 
abound, but an underlying unresolved concern is that con 
ventional Wood frame homes in the past Were not built to 
tolerate the effects of an earthquake, neither in its ultimate 
load-bearing capability nor its post-quake serviceability 
limits. Modern building codes attempt to address this 
concern, but the measures they require merely add to the 
already high cost of a neW home and may not alWays provide 
signi?cantly improved resistance to earthquake damage, 
particularly With respect to after-quake serviceability. 
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Fire often folloWs an earthquake, as happened in the 

disastrous Kobe earthquake of 1994, and of course ?re is a 
major threat to homes independent of earthquake. When ?re 
breaks out in a conventional home, the Wood frame fuels the 
?re and reduces the chances of successfully extinguishing it 
before the entire structure is destroyed. The major life saving 
advance in the recent past is the ?re alarm Which detects the 
?re and alerts the occupants that a ?re has started so they 
may escape before burning up With the house, but signi?cant 
improvements to the ?re resistance of the home itself that 
Would retard the spread of the ?re Would be desirable. 

The other major catastrophic threat to homes is Wind. 
Wind loads on Wood frame homes have destroyed many 
homes, primarily because the roof is usually attached so 
Weakly to the Walls that the combination of lift, exerted 
upWard on the roof by the Bernoulli effect of the Wind 
?oWing over the roof, and pressure under the eves tending 
to lift the roof off the Walls, Wrenches the roof off the Walls 
and alloWs the Wind to carry the roof aWay like a big 
umbrella. Without the roof, the Walls of the house collapse 
readily under the Wind load, completing the total destruction 
of the house. 

Termite and carpenter ant damage to Wood frame homes 
is a major form of damage, costing many millions of dollars 
per year. Although the damage done by insects is rarely life 
threatening, it is actually more extensive in total than the 
combined effects of Wind and earthquake, and it is an 
ever-present danger in many parts of the country. 

Thus, there has existed an increasing need for a home 
building frame design that Would enable the inexpensive 
construction of homes that are highly tolerant of the effects 
of earthquakes, do not support combustion, are capable of 
Withstanding high Winds, are immune to damage from 
insects, and can use standard building components such as 
door and WindoW units. Such a building frame concept 
Would be even more commercially valuable if it Were 
possible to erect the building in a short time With a small 
creW and Without heavy equipment, and the frame could be 
adapted to produce buildings of attractive building styles 
desired locally. Such a building frame is disclosed in US. 
Pat. No. 6,003,280 issued to Orie Wells on Dec. 21, 1999 
and assigned to the assignee of this application. HoWever, 
numerous improvements Were found to be desirable in the 
building frame system shoWn in that patent for improved 
design ?exibility, fabrication economy, ease of assembly and 
improved structural strength and resistance to adverse envi 
ronmental conditions. 

SUMMARY OF THE INVENTION 

Accordingly, this invention provides an improved build 
ing frame, ideally suited for single story and multi-story 
buildings, that can be assembled rapidly at the building site 
by bolting together metal frame modules fabricated off site 
and attaching sheet metal elements that simplify the ?nish 
ing of the building With exterior sheathing and interior Wall 
board. This invention also provides an improved metal 
frame for a building having integral internal diamond brac 
ing that enables the building to Withstand the racking of 
severe earthquakes and high Winds yet be cost competitive 
With comparable Wood frame buildings. This invention 
provides an improved process for constructing a building 
frame that uses loW cost standard frame modules for the 
majority of the frame and shorter or loWer versions of the 
standard modules to adjust the length or height of the frame 
Walls to accommodate any desired building siZe and joist 
height for ?oors betWeen stories, to produce a building 
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frame that is cost competitive With conventional Wood frame 
buildings and substantially more resistant to damage from 
Wind, ?re and earthquakes. A further object of this invention 
is to provide an improved steel frame building having Walls 
the same thickness as conventional Wood frame buildings, 
so that standard door and WindoW units can be used With 
normal appearance, but the building has the strength of a 
steel frame building and superior ?re resistant bene?ts, 
While remaining cost-competitive With conventional Wood 
frame buildings. This invention also provides an improved 
steel building frame that can be erected quickly in multiple 
stories using standard frame and anchor brackets. The inven 
tion provides a roof frame system using rectangular steel 
tubing that can accommodate virtually all desired roof 
designs, including hips and gables. 

These and other features of the invention are attained in 
a building frame having side Walls made of side Wall frame 
modules bolted together along adjacent edges and end Walls 
made of end Wall frame modules bolted together along 
adjacent edges. The frame modules are constructed of rect 
angular steel tubing, typically 2“><2“, Welded together in a 
Welding jig to ensure eXact 90° angles. The gauge or 
thickness of the tubing Walls is selected for the desired 
strength. The Wall frame modules, other than the WindoW 
and door modules, have diagonal diamond bracing to pro 
vide rigidity against folding or Wracking Wind loads and 
forces experienced during earthquakes. The end Walls are 
each bolted at their ends to ends of the side Walls to form a 
peripheral Wall of the building. Trusses for supporting a roof 
on the peripheral Wall are bolted into pockets on top of the 
side Walls betWeen structural members at the top of the Wall 
to secure the roof of the building on the peripheral Wall, and 
structural tubing elements are connected diagonally to the 
trusses, coplanar With the top chords of those trusses, for 
supporting purlins adjacent the ridges of a hip roof. The 
peripheral Wall is secured to a concrete foundation by 
attachment of the frame modules to special anchor brackets 
bolted to anchors set in a concrete foundation. The same 
anchor brackets can be arranged in pairs, oriented bottom 
to-bottom, clamping betWeen them the second story ?oor 
panels, to secure the frame Wall of the second and subse 
quent stories to the supporting story beloW it and to establish 
high strength tensile load path betWeen the foundation and 
the frame modules and the roof trusses. Light gauge metal 
elements are fastened on the inside and outside surfaces of 
the Wall frame modules for speedy attachment of interior 
Wall board and exterior siding. The roof is supported by 
longitudinally extending purlins that are attached to the 
trusses by the use of U-shaped brackets that are pre-Welded 
to the top of the trusses. A canted eve strut is supported atop 
the side and/or end Wall modules at the same angle as the top 
chord of the trusses to provide a ?ush support for the roof 
sheathing, parallel and in the same plane With the purlins. A 
high strength tensile load path is thus established through 
steel structure from the foundation through the frame to the 
roof for resisting high Wing loading and shaking forces of 
earthquakes. 

DESCRIPTION OF THE DRAWINGS 

The invention and its many attendant objects and advan 
tages Will become better understood upon reading the fol 
loWing description of the preferred embodiment in conjunc 
tion With the folloWing draWings, Wherein: 

FIG. 1 is a perspective vieW of one end of a tWo-story 
building frame made in accordance With this invention; 

FIG. 2 is a cross sectional elevation from the inside of the 
building frame shoWn in FIG. 1; 
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4 
FIG. 3 is a perspective vieW of a top story building frame 

Wall module for use in buildings made in accordance With 
this invention; 

FIG. 4 is a sectional perspective of a portion of the 
building frame shoWn in FIG. 1 from the inside With only the 
?rst story modules erected; 

FIG. 5 is a sectional perspective of a portion of the 
building frame shoWn in FIG. 1 from the inside, With the ?rst 
and second story modules erected; 

FIGS. 6 and 7 are perspective vieWs of the outside and 
inside, respectively, of a WindoW Wall frame module used in 
the building frame shoWn in FIG. 1; 

FIGS. 8 and 9 are perspective vieWs of a door Wall frame 
module for a building frame in accordance With this inven 
tion; 

FIG. 10 is a perspective vieW of an anchor bracket holding 
the base of tWo adjacent Wall modules in accordance With 
this invention; 

FIG. 11 is a perspective vieW of the anchor bracket shoWn 
in FIG. 10; 

FIG. 12 is a sectional elevation of a second story joist and 
bottom-to-bottom anchor bracket arrangement in accor 
dance With this invention; 

FIG. 13 is a plan vieW of structural corner connection for 
a building frame in accordance With this invention; 

FIG. 14 is a plan vieW of an alternative structural corner 
connection for a building frame in accordance With this 
invention; 

FIG. 15 is a perspective vieW of a portion of a building 
frame in accordance With this invention shoWing the details 
of the hip roof supporting structure; 

FIG. 16 is a perspective vieW of the structure shoWn in 
FIG. 15, With the purlins and ridge cap attached; and 

FIG. 17 is a schematic elevation of a portion of a 
modi?cation of the frame module shoWn in FIG. 3, shoWing 
hoW Welding plates can be used to reduce cutting and 
Welding time. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning noW to the draWings, Wherein like reference 
numerals designate identical or corresponding parts, and 
more particularly to FIGS. 1 and 2 thereof, one end corner 
of a tWo-story building frame 20 is shoWn having a periph 
eral Wall (shoWn only partially) supporting a roof truss 
structure. The peripheral Wall is made of tWo end Walls 22 
(only one of Which is shoWn in FIG. 1) connected at their 
ends to ends of tWo side Walls 26 (a portion of only one of 
Which is shoWn in FIG. 1). The upper portions of the side 
Walls 26 support opposite ends of a plurality of main trusses 
28 spaced apart along the side Walls at regular intervals, and 
the end Walls 22 support one end of a plurality of hip roof 
jack trusses 30, the other ends of Which are supported on the 
main trusses 28 as Will be described in more detail beloW. A 
plurality of purlins 32 are attached to the trusses 28 and 30 
for supporting roof sheathing 34. The peripheral Wall may be 
secured to a building foundation 36 by anchor brackets 38 
bolted to the foundation by anchor bolts 40 or the like, 
described in detail beloW. 
The top story of the end Walls 22 and the side Walls 26 are 

assembled from a plurality of top Wall modules 44T, shoWn 
in FIG. 3, Which are fabricated off site and trucked to the 
building site Where they are bolted together as the top story 
of the building frame, shoWn in FIG. 1. The loWer story of 
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the end Walls and sides Walls are likewise assembled from a 
plurality of loWer story Wall modules 44L as shown in FIG. 
4. The modules 44 are made in a Welding shop from lengths 
of rectangular metal tubing, Welded together at precisely 90° 
corners so that the assembled building frame is perfectly true 
and square When bolted together. The tubing is preferably 
commercially available 2“><2“ square steel tubing having a 
Wall thickness of 14 gauge, or 0.083“, ASTM-A-500 With a 
yield strength of about 50 KSI and a tensile strength of about 
55 KSI. Naturally, other materials could be used, but this 
material is preferred because it is Widely available from 
many sources at loW cost and in various Wall thicknesses and 
dimensions for different strength requirements. The gauge is 
selected based on the strength requirements of the building 
frame and Will normally be Within the range of 7—16 gauge. 

The modules are preferably Welded together on a Welding 
jig that holds the lengths of tubing at the desired 90° Within 
about 2°, or preferably With about 1° tolerance. Care should 
be taken to tack Weld the entire module before completely 
Welding the junctions to avoid heat distortion of the assem 
bly. TIG Welding has been found to produce clean Welds that 
do not require de-slagging and also minimiZe heat input into 
the junction. If enough Welding jigs are not available for the 
desired production rate, the ?rst module may be made on the 
Welding jig and the other identical modules may be made on 
top of the ?rst as a pattern. 

The preferred standard Wall modules 44, are exactly eight 
feet square, although the dimensions can conveniently be 
varied for different house designs if desired. The modules 
may be dimensioned to use standard interior Wall board, 
such as that commonly sold in 4‘><8‘ panels, so the interior 
may be ?nished Without extensive cutting of the Wall board. 
The top story Wall module 44T shoWn in FIG. 3 includes tWo 
upright end members 40 and three longitudinal or girt 
members 4214, 42m and 42b Welded betWeen and spanning 
the end members 40. The upper girt member 4214 is Welded 
atop the ends of the tWo upright end members 40; the loWer 
girt member 42b is Welded ?ush With the bottom of the end 
members 40; the middle girt member 42m is Welded 
betWeen the upright end members 40 intermediate the upper 
and bottom girt members 4214 and 42b, all at 90° corners. 
As shoWn in detail in FIG. 3, an internal diamond shear 

brace is provided, having a 45° brace 43 Welded to an 
upright end member 40 and the upper or bottom girt mem 
bers 4214 or 42b, across each corner. The internal placement 
of the diagonal braces 43, Within the frame de?ned by the 
tWo upright end members 40 and the upper and bottom girt 
members 4214 and 42b, ensures that light gauge elements, to 
be described beloW, can be attached to the inside and outside 
faces of the frame module 44 Without special cutting or other 
costly operations. Athird upright member 41 may be Welded 
midWay betWeen the tWo upright end members 40 at the 
apex of the upper and loWer diagonal braces 43 for addi 
tional vertical load bearing capacity if the building design 
requires the additional strength. The diamond shear module 
shoWn in FIG. 3 is used in the peripheral Wall 20 in all 
modules that do not have a WindoW or door opening to 
provide strength and stiffness in the plane of the Wall section 
for resistance against de?ection toWard a parallelogram 
shape under Wind loads or lateral shaking during an earth 
quake. Because this invention can be used in buildings as 
high as six stories, shear bracing is added for resistance to 
shear distortion as Well as ?exural distortion due to bending 
as a cantilever, so this strengthening minimiZes not only 
threats to the safety of the occupants but also to the service 
ability of the building after the Windstorm or earthquake. 
TWo upstanding stub members 45, made of 4“ lengths of 

the same 2“><2“ steel tubing, are Welded to the upper girt 
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6 
member 4214 of the Wall modules 44, and an eve strut 46 is 
Welded betWeen them about 2“ above and parallel to the 
upper girt member 4214. The stub members are each off-set 
from the outer edge of the end members 40 by about 1“, 
leaving a pocket 48, shoWn in FIGS. 1 and 5, betWeen 
adjacent stub members 45 on adjacent Wall modules 44 for 
receiving end portions of the trusses 28 and 30, as Will be 
described in more detail beloW. The eve strut 46 stiffens the 
connection of the trusses 30 to the Wall modules 36 in the 
pocket 48 and alloWs shear stresses exerted by the trusses on 
the stub members 45 to How through the modules 44 from 
one side to the other. 

The pocket 48 may be made deeper by using longer stub 
members 45, for example, by using 6“ long stub members 45 
instead of the 4“ long ones. The longer stubs 45 raise the eve 
strut 46 to about the height of the roof sheathing, alloWing 
the sheathing to be attached directly into the eve strut. 
Attachment of the roof sheathing to the eve strut 46 as 
shoWn in FIG. 1 adds to the diaphragm shear strength of the 
roof system. 

To facilitate attachment of the roof sheathing 34 to the eve 
strut 46, the eve strut 46 is attached to the stubs 45 at an 
angle canted to correspond to the angle that the upper chord 
of the roof trusses lies. The depth of the pocket 48 is selected 
to alloW the under surface of the eve strut to lie ?ush With 
the top surface of the top chord of the roof trusses, so the eve 
strut lies in the same plane as the purlins 32 attached to the 
trusses 28. Attachment of the roof sheathing to the eve struts 
46 by self-drilling/tapping screWs or the like is then the same 
as attaching the sheathing to the purlins 32. The attachment 
of the roof sheathing 34 directly to the eve struts 46 also 
increases the shear coupling betWeen the roof and the 
building Walls. 

For buildings that do not have a hip roof, the Wall modules 
for the end Wall are identical to the side Wall modules 36 
except that the stub members 45 and the eve strut 46 are not 
used, so the upper girt member 4214 is the topmost structural 
member on the end Wall modules. This enables the loWer 
chord of the end trusses to lie directly atop and be fastened 
to the upper girt members 4214 of the end Walls. 
The loWer story Wall modules 44L shoWn in FIGS. 1 and 

4 use the same basic Welded tubing design described above 
in conjunction With FIGS. 3 and 6—9, but instead of the eve 
strut and truss pocket arrangement atop the upper girt 
member 4214, a Wall extension 50 is Welded for attachment 
of the second and higher story ?oor joists 52, as shoWn in 
FIGS. 2, 4 and 5. The Wall extension 50 includes several 
vertical risers 52 Welded atop the upper girt member 4214, 
and a top tube 54 Welded to the top of the vertical risers 52. 
A series of joist hangers 56 is Welded betWeen the top tube 
54 and the upper girt member 4214 for supporting ?oor joists 
58, as shoWn in FIG. 5. The hard attachment of the joists 58 
betWeen opposite Walls of the building frame stiffens the 
frame against “oil can” diaphragm ?exing of the side and 
end Walls of the building frame. 

Typical door and WindoW Wall modules, shoWn in FIGS. 
6—9, do not normally include the diagonal shear bracing 
shoWn in the Wall panel shoWn in FIG. 3 because the 
assembled Wall frame With one or more diamond shear 
bracing modules as shoWn in FIG. 3 provides the shear 
stiffness for the entire Wall. 

Light gauge elements are Welded to the frame modules 44 
for attachment of exterior siding and interior ?nishing such 
as Wallboard, paneling or the like. The light gauge elements 
include inside studs 60, exterior furring or stringers 62, 
bottom track 64, and interior top angle 66 and, for the top 














